leucocytes have ultimately a common origin and they are to some extent interchangeable, so that, despite their totally different functions, there are objections to regarding them as two diptirct "tissues." Perhaps the blood is more nearly an *organ. If it is, what is its size ? Is everything which is inside the blood-vessels blood" ? Normally, perhaps yes: under abnormal conditions, certainly no. The size of the blood" cannot always be svnonymous with " blood-volume," for the volume is constantly adapted to the capacity of a vascular system which cannot be much smaller than it generally is' though it can easily be much larger. The maintenance of a snug relationship between the blood-vessels and the quantity of liquid within them is one of the prime conditions for the maintenance of the circulation. The blood-volume may be substantially increased over long periods of time without any great harm, as in chlorosis and splenomegalic polycythwmia, but a diminution of volume, as in secondary shock, leads to imperfect filling of the right heart, inadequate stimulation of the cardiac muscle, and quickly to fatal circulatory failure. If, therefore, the quantity of original blood is decreased, what remains must be filled out till it fits the vessels just as the shrivelled brain of a paretic must be padded up with cerebrospinal fluid to fit the skull. If we abstract a third of its blood from a rabbit, we find in an hour or two that the volume of liquid inside tihe blood-vessels has, by taking in tissue fluid, been restored to normal. But it seems absurd to say that the " size" of the blood is what it was before bleeding; the blood is cedematous-ex vacuto-and cedema fluid cannot rightly be measured as tissue. At the same time it is plain that we cannot disregard the plasma altogether; the tissue (or organ) must be allowed some intercellular substance.
As you will perceive, these difficulties are essentially formal; they are such as attend most attempts to obtain definitions of things which are sufficiently illunderstood to be worth study. And they are lacking in substance and unreal in so far as they are purely morphological. t7hwout solving_ thm I take for discussion to-night some of the problems which concern the quantity of red cells-the size, that is, of the tissue which is made up of the circulating red corpuscles and the cells in the bone-marrow (and sometimes elsewhere) frotn which they arise: a size which, owing to the constancy of the blood-volume, we commonly estimate in a relative way by measuring the concentration of the constitueuit elements and not the volume through which they are dispersed. There is, unfortunately, no name for this tissue (or organ), and it will save a good deal pf periphrasis and probably some confusion if we make one and call it the erythron. We can then speak shortly of changes in the total quantity of red corpuscles and heemoglobin, as distinguished from changes in individual cells or in their concentration in the blood.
Hypertrophy of the erythron has only one known cause-a deficient oxygen supply to the tissues. This may be brought about in a variety of ways. The best known is the polycythiemia, due to living at nigh altitudes, which as the Pike's Peak expedition showed,' is a real increase in the red corpuscles and not a concentration of the blood from loss of plasma. The same result has been obtained many times in experimental animals, by exposing them either to rarefied air or to gas mixtures deficient in oxygen at atmospheric pressure. Obstruction in the larynx or trachea, and experimental pneumothorax, also cause hypertrophy, and so, under some circumstances, does the anoxaemia due to slowness of the circulation, as in congenital cardiac defects1 and Ayerza's disease. At first sight it seems quite curious that the ordinary examples of circulatory failure from valvular or myocardial disease show no hypertrophy; they are certainly short of oxygen, and in many cases, owing to pulmonary complications, the oxygen sattiration of the arterial blood is too low.' Yet the concentration of hemoglobin in their blood is seldom much raised and is often rather below normal. The explanation is, I suppose, that any polycythaemia would throw more work on the heart by increasing the viscosity of the blood, and that therefore it would be disadvantageous to the body as a whole; the damaged heart can carry on the circulation only if no further difficulties are put in its way, and it is better to live in a state of anoxaimia than not live at all.' In congenital cardiac defects the heart muscle is in good order, and in experimental animals obstruction of the circulation in the venai cavea or the lungs leads to polycythaemia.
The functional advantage gained by hypertrophy is that a smaller proportion of the total amount of oxygen in the arterial blood is used up during its passage through the tissues; hence the oxygen pressure in the venous blood is maintained at a higher level, and any lowering of oxygen pressure in the tissues is diminished or avoided. It does not matter whether the blood leaving the lungs is fully charged with oxygen, and passes through the capillaries more slowly than normal (as.
in heart disease), or whether the arterial oxygen pressure is diminished and the circulatory rate normal (as at high altitudes) ; in both instances an increase in the erythron will help the oxygen pressure in venous blood. P. Morawitz and W. Rohmer4 found that normal people used about 30 per cent. of the oxygen in the arterial blood, and severe antemias 80 per cent., while in a case of splenomegalia polycythtemia, with 170 per cent. of htemoglobin, only 17 per cent. had disappeared by the time the blood got back into the large veins, i.e., it would be just good enough without any further oxygenation to send round the body at a normal rate, with some prospect of the tissues being able to get enough oxygen to keep them alive. These considerations emphasize the importance of the pressure as distinct from the quantity of oxygen in the blood.
Conversely, atrophy of the erythron is caused by an excess of oxygen, as has been shown by Doyon 
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The gain is 0 * 5 c.c. per cent. of combined and 0 8 c.c. per cent. of dissolved oxygen, an increase in all of one-twelfth. This is more than the animal needs and the erythron proceeds to atrophy, and when the blood has been adjusted to the new environment it actually carries a good deal less oxygen than before. What evidently matters so much is the oxygen which is put into the blood at high pressure and which is easily available for the tissues: in this instance it may be surmised that the extra amount gained by the increased oxygen in the-air might be about a third of what would be taken out at each round of the circulation. As before, the important thing is the pressure of oxygen in the tissues. As an extreme instance, consider the difference between an anemic person with 50 per cent. haemoglobin fully saturated and a normal person with 100 per cent. haemoglobin 50 per cent.
saturated: both will have the same amount of oxygen in their arterial blood. The former gets along none so badly since there is a good head of pressure (90 mm.) to drive what oxygen there is from the blood to the tissues; the latter dies.1
It seems pretty evident from these facts that what we call the " normal" condition of the blood is determined by the atmosphere we live in. We have round about five million red cells per cubic mm. of blood and an amount of hemoglobin in each 100 c.c. which will combine with 18 6 5 c.c. of oxygen, giving the whole erythron an oxygen-carrying power of about 600 c.c., because we happen to breathe air at about 760 mm. pressure containing 21% of oxygen. 100% on the scale of the Haldane hamoglobinometer ceases to be the " normal " value directly we vary these conditions and alter the pressure of oxygen in our atmosphere: people living at 5,764 ft. in Johannesburg have a " normal" nearer 110%, the natives spending their whole lives at 14,000 ft. in the Andes an average normal of 143% (124 to 169).2 When physiologists go up mountains their erythra hypertrophy and when they come down again they soon atrophy: they keep all the time (with the lag necessary for cellular activity) at the level which is appropriate (i.e., " normal ") to the pressure of oxygen in the air which they happen to be breathir'g.
The particular quantitative relation which obtains between the oxygen in the air, the concentration of red cells and the rate of the circulation is doubtless that which allows the blood to get through the capillaries without excessive desaturation and allows an adequate margin for the much greater desaturation which accompanies physical exercise. The objection to having all these red corpuscles in the circulating fluid is that they greatly increase its viscosity. It would be blasphemy against the accuracy of man's adaptation to his environment (or the wisdom of Providence, whichever you like to call it) to suggest that we should be better off in our present surroundings with rather more hamoglobin: we must accept the prevailing " normal " relations as being tlle best available compromise between oxygen supply and viscosity.
But it is clear that the body dislikes a polycythwlmia, for it gets rid of it as soon as it can do without the extra corpuscles, and it is legitimate to imagine that the body Two other points of interest also arise.
(1) Hypertrophy and atrophy are generally the result of use and disuse respectively. Can we fairly speak of red corpuscles being " used " in the ordinary sense ? The " use " of a tissue commonly involves an increase in its metabolism, and it is hardly conceivable that the taking up and giving up of oxygen should involve any activity of that kind. How, too, can excess of oxygen affect individual corpuscles, and so separate the red cells into those which are used and those which are not used? It seems more reasonable to say that hypertrophy and atrophy are determined by the needs of the animal, and that the erythron is reduced in size by so much of it as is unnecessary, and increased in size by so much as is found requisite to relieve the anoxe3mia of the tissues.
If this is the proper way of looking at the behaviour of the blood, it might be better to think of livers, kidneys, bones, etc., in the same terms, atrophying because they are not wanted rather than because they are out of use.
(2) The increase in the colour-index above the normal level found by Camnpbell when the erythron shrinks, needs explanation. It is an extremely interesting point, and suggests that possibly the ordinary red corpuscles of the rabbit are scarcely mature, and that if they could be left longer before being turned out into the rough-and-tumble of the circulation they would develop more hewmoglobin. Immature cells with a low colour-index are put out in abundance to meet the emergency of severe anemia, and it is possible that " normal " cells have not reached their full development. With an atrophied erythron, the marrow has less wear-andtear to make good, and under these circumstances it may have time to produce a more finished article. The matter is well worth further inquiry.
It is often difficult to draw a clear distinction between hypertrophy and regeneration and it is only out of respect for convention that I deal with them separately. Quantitatively, hypertrophy may start from one level, regeneration from another; both levels might, under different conditions of life, be "normal." Qualitatively, any difference which is perceptible is anatomical, not functional. If the liver consisted of six lobules and two were cut off, the liver would presently regain its normal size and have four lobules l; that is " compensatory hypertrophy." If on the other hand the middle third of each lobule were killed with chloroform, the same restoration would take place, but there would be six lobules: that is "regeneration." The feature which is significant-that the right amount of liver substance is regained-is the same in both: with the erythron it is impossible to make any such formal distinction, and when the marrow produces cells to restore those lost by a heemorrhage or destroyed inside the body, it is responding to the same stimulus and producing the same result as when it is causing a polycythsemia at high altitudes. For the stimulus to regeneration must surely be anoxinmia of the tissues. To say that it is initiated by the "absence of red corpuscles " is an unintelligible piece of morphological mysticism which could be preferred only by those who bow the knee to form with little respect for function. It would be just conceivable that the stimulus is the reduced viscosity of the blood were it not for some interesting observations of G. S. Nasmith and D. A. L. Graham.' They kept guinea-pigs in air contaminated with coal-gas to a degree which saturated about 25 per cent. of the hemoglobin with CO and so put it as much out of use as if it had A rat regenerates a loss of one-third of its circulating haemoglobin in one-third the time taken by a rabbit to replace the same proportion: young rabbits do it quicker than old rabbits, young rats than old rats. The reason for this is that the rate of metabolism of the tissues and their length of life is proportional to the metabolism and life (and therefore roughly to the size) of the whole animal. A rat's red cells wear out (whatever exactly that may mean2) sooner than a rabbit's, and therefore the marrow is continually more active and in a better position of training and experience to deal with an exceptional call on its activities.
It is well that it should be so. Wounds in nature are not graded according to the size of the recipient animal, and they let out blood in absolute, not relative, volumes. The loss of 5 c.c. of blood is a serious matter for a rat, negligible for a rabbit, and if small animals had not had this superior relative power of regeneration they would have stood a poor chance of surviving the changes and chances of their evolutionary career.
The effect of practice is also very clearly seen in comparing the rates at which successive himorrhages are regenerated ( fig. 1) , and a course of moderate bleedings to get the marrow into training would be the best preparation for a large haemorrhage or for life in high mountains.' The amazing activity of the marrow, as seen in the blood-picture, in some instances of chronic bleeding (e.g., from the uterus or stomach) is due to the training it has received. Conversely, if the marrow is for a time relieved of its proper duty of making red cells, it becomes relatively impotent.4
This may be done by repeatedly transfusing blood, and an animal so treated nmay become substantially anaemic owing to the isolytic crises which sometimes supervene.
The erythron may be increased in size by anoxfemia, and the same condition may be pro(luced more conveniently and expeditiously by transfusion of blood which leads to a polycyth.emia when the injected plasma and a volume of the animal's own plasma equal to the volume of the injected red cells have been expelled from the circulation. Such a preparation enables one to stuily the disappearance of the red cells in excess of the animal's requirements.' The important point which emerges is that this atrophy of the erythron is brought about not by the passive disappearance of the red cells as they become worn out, but by an active process of destruction2 by phagocytosis which may be trained by practice. As with regeneration, an animal disposes of excess red cells more quickly if it has had experience at the job ( fig. 2), and after a few transfusions it destroys large quantities of red cells with a rather startling promptness. What the stimulus to this destruction is I do not know. It may be the increased viscosity without any countervailing consideration about oxygen supply. But if a rise in viscosity stimulates red cell destruction, it is hard to see why in the reverse it does not stimulate red cell formation. It seems indeed unlikely that viscosity per se has any regulating influence on the erythron as it has on bloodvolume. It is much more likely that the effective consideration is that the animal has a quantity of red cells which it does not need. What is certainly not the stimulus is the fact that the transfused blood comes from another rabbit, for the experiment may be so arranged that no destruction takes place. A rabbit ( fig. 3 ) trained by -repeated transfusions (the last of which is shown) to dispose of excess blood quickly is bled about a third, and the quantity of erythron removed is immediately replaced from other rabbits. If this last transfusion were destroyed like its predecessor, the injected red cells would disappear somewhere along A-B; regeneration of the bleeding, if it took place as usual, would occur as C-D, and the actual changes in the size of the erythron would be the sum of these two processes (A-E-D). In fact nothing of the kind happens. The transfused blood is not destroyed, because it is not superfluous, the haemorrhage is not regenerated because there is no need to do so.
The animal has what it needs (i.e., a normal erythron), and saves itself trouble by leaving things alone.
The response, that is, is conditioned by functional considerations, and the more I look at this old experiment the more it seems to me to summarize some of the most important principles of pathology. Let us look at some parallel examples. (a) If the portal vein going to one lobe of the liver is tied, the liver tissue involved progressively atrophies, and finally disappears, though it still receives blood through the hepatic artery, which would be sufficient to keep some, at any rate, of it alive.' Simultaneously the normal part of the liver progressively hypertrophies in proportion as the rest atrophies, so that the customary quantum of liver is always present. But if this compensatory growth is prevented by tying the bile-ducts coming away from the part which should hypertrophy, the part with the tied portal vein does not atrophy.2 (b) If one ureter is tied the corresponding kidney gradually atrophies and the glandular substance finally disappears: the other kidney hypertrophies in parallel, though in adult dogs the reaction may be slow and incomplete. If, when atrophy has begun, the tied ureter is undone (by planting it into the bowel), the kidney will continue to atrophy to disappearance if the other kidney has hypertrophied; if it has not, the atrophic kidney will turn round and restore itself to normal.
1 Journ. Path. Bact., 1911, xv, 367. 2 P. Rous and IL. D. Larimore, Jowrn. Exp. Med., 1920 , xxxi, 609. 3 F. Hinman, Tourn. Urology, 1923 (c) The shrimp Alpheus ( fig. 4) has two claws differing in size, structure and function-one a big crushing chela, the other a small cutting chela. The big claw is ound indifferently on the right or left side. If both claws are cut off, each regenerates after its own kind; if the small claw is removed it is replaced by a small claw. If the big claw is broken off a small claw is regenerated in its place, and, as soon as the moults allow, the other small claw grows and differentiates into a big claw, so that a right-clawed animal becomes left-clawed. The new big claw can then be taken off, it is replaced by a small claw, the other small claw becomes a big claw and the symmetry of the animal is restored.' (d) The polychaete worm Hydroides ( fig. 5 ) lives in a tube, out of the mouth of which its head projects along with the gills, one of which is modified to act as a stopper (operculum) to the mouth of the tube when the worm withdraws, while another is a simple undifferentiated stump. If the stump is cut off, a stump regenerates; if the functional operculum is removed, it is replaced by a stump and the existing stump grows into an operculum. If this is then cut off, a stump grows in its place and the other stump develops into the operculum.' What the animal achieves in each of these five instances is the correct aimount of some tissue or organ-blood, liver, kidney, claws, operculum, as the case may be. Quality as well as quantity is involved in Alpheus and Hydroides, and, except in the blood, equilibrium of substance is reached by means of gross anatomical alterations. In Alpheus there is presumably a functional rearrangement of the nervous system when symmetry is reversed.
It is quite impossible to discuss the full implications of such experiments as these: they are texts on which the whole-philosophy of biology might hang. I would ask you to mark and inwardly digest them. Summarily, however, there are three conclusions which I would suggest for your consideration: (1) Structure is the handmaid of function, which is why morbid anatomy must be the basis of pathology; (2) the organism works as a whole, which is now an agreed platitude; (3) ends are more important than means.
It is, in other words, very hard to get away from the idea of purpose when we contemplate facts such as I have described. The guiding principle behind it all seems to be that a rabbit needs a certain amount of blood and liver substance, or that Alpheus needs one large crushing claw and one small cutting claw; one way or another they get what they need or, to come a little nearer, what they want. Throughout this address I have freely used teleological modes of expression, and I have done so quite deliberately. At one time I believed with the orthodox that teleology was inadmissible as a biological explanation; I realized only that it was a convenient and fruitful way of looking at the reactions of the body in disease. But I am not nearly so certain now that the real truth does not lie along that way of thinking. It is at any rate quite impossible, if we are honest, to put aside mind, and therefore purpose, out of our conception of the world, and I believe we should understand pathology a good deal better if we frankly treated it teleologically. With this warning: teleology has in the past often been the cloak of a slobby mysticism and it must be realized that the adoption of such an outlook does not excuse us from trying to find the details of the means whereby an organism reaches the results it is aiming at. In actual practice ends are not more worthy of study than the means by which they are attained, for ' is at present a mystery; is it viscosity or too much oxygen? Meanwhile I do not think we can express the results more fairly or honestly than by saying that an animal grows blood or liver or claws because in the prevailing circumstances it needs them, and destroys tissues because in the prevailing circumstances it has no use for them; its actions in short are determined by its requirements and directed by its intentions. What is the purpose? Why, surely, to be in the best harmony with its environment (apart from which it is meaningless) and so adorn the world.
It is easier now to believe this, and far easier to say it, than it used to be. Mechanistic reality has proved quite unsatisfactory to its own apostles, and the psychical and spiritual elements in human experience have been allowed to be necessary components in our interpretation of nature: " mind," says Eddington, " is the first and most direct thing in our experience," and I take it in the experience of rabbits. In admitting purpose, with its implication of design, to our scheme, we have returned in some degree, with a vastly greater armament of experimental data, to the outlook of the Earl of Bridgewater, who, in 1829, as you will remember, left £10,000 to the President of the Royal Society to have published 1,000 copies of a treatise to be written " on the power, wisdom and goodness of God as manifested in the creation," and our experimnental animals might be interested in what the Rev. Dr. Chalmers has to say in his chapter " on the capacities of the world for making a virtuous species happy": if they react to our procedures as they should they will certainly be the better for it. In 1883 the children of Mrs. Hepsa Ely Silliman gave 80,000 dollars to Yale University in New Haven to have delivered " an antlual course of lectures designed to illustrate the presence and providence, the wisdom and goodness of God, as manifested in the natural and moral world." The more I know of pathology, of the reactions of the body to disease and injury, the more it is borne in on me that the outlook behind the Bridgewater Treatises and the Silliman Lectures is not only profitable in practice, but sound in theory. And if I am wrong I am content to err in company with a point of view that has been delivered of the fnteqrative Action of the Nervoqts System and Respiration.
